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Introduction/Background

Methodology

Results

Tidal freshwater wetlands are the interface between marine and terrestrial ecosystems;
qInitial geospatial data analysis was conducted to determine the land that will be
hence they are directly impacted by sea level rise and climate change (James & Callahan, 2012).
influenced by a tidal surge of 2 m above MSL and the land use of the tidal effect
Little is known about the hydro-ecological functions and ecosystem services provided by these
area was analyzed. Figure 3 is the methodology flow chart.
important and widely-distributed ecosystems. These wetlands are common in the urbanizing
landscape of the southeastern Atlantic coastal plain, as well as other coastal areas. Tidal freshwater forested wetlands (TFFW) occur in floodplains situated near the coastal zone along
• 3m DEM was downloaded from USDA-NRCS Geospatial Data Gateway
freshwater rivers that are subject to tides. They are most prominent along the Southeastern
• DEM tiles were mosaicked in ArcGIS 10.2 (Figure 5).
DEM
Atlantic lower Coastal Plain, where it is estimated that 200,000 ha of TFFW exist. The majority of Processing
TFFW are concentrated along the coasts of the South Carolina, Georgia, Florida, Virginia and
Maryland, with other areas along the Gulf coast and upper portions of the Atlantic Coastal Plain.
• Cooper Basin watershed was delineated using the ArcSWAT hydrologic
South Carolina is considered to have the most land area, over 40,000 ha, due to the relatively large
model with the confluence point of Tidal Creek to Charleston Bay
tide range and low topographic gradient. There is considerable uncertainty in the estimates of
Watershed
considered as the end point for the analysis (Figure 6).
TFFW area, and inconsistent use of terminology complicates assessments of the resource.
Delineation
Occupying the freshwater (salinity <0.5 ppt) intertidal zone between non-tidal forested
riparian zones and freshwater marsh, the hydrologic regime is subject to both tidal and fluvial
influences. The resulting hydrology and hydraulics is complex due to the interactions among
groundwater, seasonal river discharge, microtopography, local climate patterns, and tide stage.
TFFW are hotspots for biodiversity, carbon export, nutrient/ sediment exchange, and
biogeomorphic feedbacks that are only now being recognized. These forests are susceptible to
salinity intrusion from sea level rise, coastal subsidence, and storm surges from tropical storms.
Therefore, it is essential to understand geospatial features associated with TFFW for tidal
ecosystem management using geospatial technology (GIS, remote sensing, GPS, and information
technology.

Objectives
The objectives of this study were to:
1) Acquire and process the high-resolution LiDAR data to develop latest and highest resolution
DEM of the study area
2) Use a Soil Water Assessment Tool (SWAT) hydrologic model to delineate the watershed and
the stream network using an up-to-date DEM (1m)
3) Use the average climate change related high tidal surge heights to develop land topography
model showing the area affected by salt water intrusion and use the soil properties to exactly
delineate the area with salt-water ecosystems; and finally
4) Use advanced object based image analysis (OBIA) image segmentation algorithm to classify/
differentiate the saltwater and freshwater ecosystems in the study watersheds with other land
uses
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Figure 15: Land use classification completed
(showing 4 classes) using the OBIA image
segmentation process on part study area. .
Figure 7: Tidal surge land
determination by DEM classification

Figure 8: gSSURGO soil data of the
watershed (study area).
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Figure 1b: Cooper River
Basin Watershed TTFW
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• Ground truthing conducted in the field
• Different land use classes (Figure 13a & b).

Figure 9: Hydrologic soil group map.

Figure 10: Soil AWS variation map.

Table 1: Classified land area
comparison with NWI database.
Figure 16: Final
land area in the
study site
affected by Tidal
surge with
impact on
vegetation
(ecosystem).
Figure 11: Tidal flux area determined
with topography & soil characteristics.

Figure 12: Training sample collected
from field for supervised
classification..

• Ruleset development (Figure 5) (Panda & Hoogenboom, 2013)
• Using DEM & nDSM developed from LiDAR for height difference
• Using NDVI, and other indices for land use differentiation

Conclusion
This study’s ultimate objective was to classify, delineate, and calculate the areal extent of
ecosystems affected by tidal flux and subsequent saltwater intrusion in the study TFFW
region. The areal extent of brackish and near-brackish conditions indicated by the NWI
database may be an underestimation. The SC DNR’s delineation of the saltwater/
freshwater interface (Figure 6 – Yellow line) is likely located too far toward the
coastline. As sea levels continue to rise, this interface will continue to move inland. The
areal extent of freshwater emergent wetlands will continue to decrease. This will lead to
conditions unsuitable for current freshwater vegetation to survive. The advanced image
processing approach conducted on a smaller portion of the study area provided very
promising results in land use classification as well as the tidal surge line delineation
using LiDAR based DEM proved very accurate.

Figure 4: Methodology flow chart of our advanced image processing
approach for detailed land-use analysis in the tidally influenced area.

Figure 5: Ruleset
developed in eCognition
software for OBIA-based
image segmentation
Figure 2: Geospatial Data
Gateway data source

Figure 16 is the final analyzed area which was determined by the inclusion of three biophysical
factors in the study area, such as elevation (< 2 m), soil hydrologic group (C. C/D. & D), and
available water content (> 13 units). These conditions support tidal surge based soil inundation
and subsequent change in vegetation (ecosystem). The three-class supervised classification
(Figure 13a) was chosen to compare with three classes from the National Wetlands Inventory
database (NWI). Those three classes were: 1) Estuarine Marine Wetland, 2) Freshwater
Emergent Wetland, and 3) Freshwater Forested Shrub. These classes were chosen to compare
respectively with this study’s classes: Huger Park, HC101, and HC201, respectively. There is a
large proportional difference in class areas in the land classified as Huger Park/Estuarine Marine
Wetland (Table 1). This indicates that the saltwater/freshwater interface may be influencing
more total land area than the NWI database describes.

• LiDAR data tiles were collected from NOAA
• Mosaicked together and clipped to study area

• DEM was created using the ground return and DSM was created using
the 1st return of the LiDAR
DEM
Developm • nDSM developed using difference between DSM & DEM
ent
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Image
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Figure 14: Tidal Surge area (<2m) with
DEM generated using 0.75 m LiDAR data
and soil characteristics.

Discussion

Figure 3: Methodology flow chart of our initial process to
determine the land use in the tidal influenced area.

Geospatial Data
Acquired Data: (with metadata details)
ü 30m Digital Elevation Model (DEM, 4 tiles)
ü 10m DEM (99 tiles)
ü Soil Survey Geographic Database (SSURGO2.2)
ü (SSA version est.:
12/23/2013 09:20:21 PM)
ü State Soil Geographic Database (STATSGO2)
(SSA version est.:
07/06/2006 08:49:17 AM)
ü Gridded Soil Survey Geographic (gSSURGO) by State
(Time_Period_of_Content:
Time_Period_Information:
Single_Date/Time:
Calendar_Date: 2014)
ü National Landcover Dataset (2011)
ü Watershed Boundary for HUC2-12
ü 8-digit Watershed Boundary Dataset
ü National Hydrography Dataset (NHD) 1:24000
ü Government Units (county boundaries)
ü Saltwater/Freshwater Line (2005)
ü NOAA LiDAR (328 tiles)
ü 1m NAIP Imagery

Figure 6: Watershed delineation
with ArcSWAT.

• Soil Hydrologic Group and Available Water Storage (AWS) raster were
developed from gSSURGO data (Figure 8).

qAdvanced geospatial data analysis was conducted to refine the tidal
influenced land area (2 m above MSL) using LiDAR data and the land use
classification was conducted using Object Based Image Analysis (OBIA)
image segmentation approach (Figure 4).

Figure 1a: TTFW lower
coastal plain, Charleston
County, South Carolina

Figure 5: DEM mosaicking

• Mosaicked DEM was clipped to study watershed
• The DEM was classified to cells more than and less than 2 m elevation
(Figure 7).

• Overlay areas below 2 m topography, Soil HydroGroup (C, C/D & D)
(Figure 9) & Soil AWS (High depth) (Figure 10).
Land with • The resulting area was considered to be influenced by Tidal flux (Figure
11).
Tidal
Effect
• Training samples collected from study area (GPS used) (Figure 12).
Land use • Supervised classification was conducted in ERDAS Imagine (Figure 13a &
classifica b).

Study Area
v TTFW in the lower coastal
plain, Charleston County,
South Carolina was used as
our study area (Figure 1a).
v Real study area was
delineated using ArcSWAT
(Soil & Water Assessment
Tool) consideringh the
Cooper River confluence
point as the exit point
(Figure 1b).

Results Cont…
TFFW (Cooper River Basin watershed) Tidal Surge Land use
Advanced Analysis Results:
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